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ABSTRACT

The nearshore habitats of Biscayne Bay, a shallow lagoon adjacent to the city of Miami, are

heavily influenced by salinity fluctuations caused by freshwater discharges from canals but the
benthic communities in these susceptible littoral habitats have been under-represented in existing
monitoring programs due to the difficulties associated with boat access.  In this project, we
implemented a geospatial video survey technique, the Shallow-Water Positioning System
(SWaPS), to monitor the abundance and distribution of benthic organisms in western Biscayne
Bay.  This system uses a GPS receiver attached to a video camera installed in a shallow-draft
boat and each video frame recorded is stamped with position, date, depth, heading, and pitch and
roll.

The field surveys using SWaPS showed that species distributions are influenced by their
respective tolerances to salinity patterns.  Seagrass species with high tolerance for low salinity
like Halodule wrightii and Ruppia maritima have high abundance only in areas influenced

directly by canal discharges, while species with limited tolerance for low salinity like marine
sponges are rare along nearshore habitats.

The use of video surveys with a high spatial precision (< 1m) provides a rapid, cost-effective,
and repeatable method to monitor marine benthic communities. The most attractive features of
the this system are the ability to: 1) survey large areas rapidly without the need to deploy divers;
and 2) return to precise locations without the need to establish permanent markers.  Moreover,
the digital video and still images collected with SWaPS are a valuable permanent visual archive
that can provide the baseline information needed to evaluate long-term patterns of change in
environments like Biscayne Bay that are subject to increasing pressure from human activities.
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INTRODUCTION

The hydrology of South Florida has been drastically modified in the last 50 years by the

construction of a water management system comprised of an extensive network of levees, canals,
water control structures, and pump stations (MCIVOR et al., 1994; BROWDER and OGDEN,
1999). After its construction, several adverse ecological consequences have been attributed to the
changes in fresh-water delivery that have altered the natural timing, quantity, and quality of
freshwater flow across the landscape.  Examples of these adverse ecological changes include: 1)
the mass mortality of seagrasses within Florida Bay (ZIEMAN et al., 1989, 1999; ROBBLEE et

al., 1991; DURAKO, 1994), 2) significant declines in pink shrimp (Penaeus duorarum) catches
(BROWDER, 1985; BROWDER et al., 1999), and 3) the mortality of marine sponges (BUTLER
et al., 1995).

In response to these patterns of environmental decline, the recently approved, multi-billion
dollar Comprehensive Everglades Restoration Plan (CERP) has been charged with the

restoration, preservation, and protection of the South Florida regional ecosystem. The multiple
components of this plan have been designed to restore historic hydrologic conditions and
increase water storage and supply for the natural system as well as for urban and agricultural use.

One of the changes anticipated to occur with the implementation of CERP is the modification
of freshwater delivery patterns (i.e., quantity, quality, timing) into the estuaries and coastal bays
(DAVIS and OGDEN, 1994; STEINMAN et al., 2002).  Significant hydrologic changes are
expected primarily in nearshore habitats of Biscayne Bay and Florida Bay where increased
freshwater inflows through the tidal creeks and marshes are expected to lower salinity at the
point of discharge and expand areas of mesohaline conditions with unknown ecological effects
on the benthic organisms found there (BROWDER and WANLESS, 2001).  Considering the
potential future impacts of these activities on water quality, it is crucial to establish a monitoring

program to document present-day patterns in abundance, distribution, and condition of benthic
communities at nearshore habitats (< 1 km from shore) likely to be affected by CERP activities.
These shallow habitats (< 1 m in depth), which support healthy seagrass and hardbottom
communities (LIRMAN et al., 2003; LIRMAN and CROPPER, 2003) and are critical nursery
habitats for pink shrimp and fishes such as gray snapper and spotted seatrout (AULT et al.,
1999a, b; DIAZ, 2001; SERAFI et al., 2001, 2003), have been largely neglected by existing
monitoring programs, primarily due to logistic problems associated with boat access.

In this study, we describe the application of the Shallow-Water Positioning System (SWaPS),
a geospatial video-based survey methodology that is well-suited to document patterns of species
abundance and distribution of submerged aquatic vegetation in shallow coastal environments in a
spatially accurate, rapid, and cost-effective manner.  Field surveys using SWaPS were conducted

along the littoral zone (< 1 m in depth) of western Biscayne Bay in 2003, providing an initial,



spatially-explicit baseline database on the abundance and distribution of benthic organisms
against which the effects of future watershed restoration activities may be discerned.

METHODS

Study Area
Biscayne Bay is a shallow lagoon adjacent to the city of Miami (Figure 1). The location of

Biscayne Bay along a highly populated, rapidly growing urban center and just downstream of
CERP activities makes this important natural resource especially vulnerable to human
disturbances and changes in water quality.  Salinity fields within Biscayne Bay are influenced by
precipitation, freshwater inputs from land, canal and groundwater sources, and tidal influx of
oceanic water.  The spatial and temporal distribution of these influences delineate salinity fields
with distinct characteristics.  Areas with low and variable salinity are found along the western
margin due to freshwater inflows from canals (12 canals discharge into Biscayne Bay),
groundwater sources, and surface runoff, while higher, more stable salinities are found where
oceanic influences prevail (ALLEMAN, 1995; MEEDER et al., 1997; , WANG et al., 2003)

(Figure 1). 

The Shallow-Water Positioning System (SWaPS)
The shallow-water positioning system (SWaPS), developed by scientists from the National

Oceanographic and Atmospheric Administration's National Geodetic Survey uses a GPS receiver
attached to a video camera installed in a shallow-draft boat (14-ft Carolina skiff).  The GPS
receiver is centered over a gimballed digital video camera that is suspended in a glass enclosure
and provides a clear, down-looking view of the bottom.  A fixed-position base station receiver is
used to transmit real-time kinematic (RTK) data to the receiver on the survey boat by radio
modem.  Each video frame recorded is stamped with time, date, depth, heading, and pitch and
roll (Figure 2).  The time code is used to retrieve the precise location of each frame based on the

location of the boat with respect to the base station.
The geospatial video surveys provide a continuous digital video track of the bottom. The data

are archived by “grabbing” frames at a rate of one frame per second and storing these as digital
still images. A geospatial information system (GIS) is used subsequently to link the geospatial
(locations) and thematic (descriptive) data to their respective image. The raw video and the
digital frames provide a permanent record that can accessed easily for future reference.  In
addition to the individual images, selected portions of the video can be processed to provide
georefenced mosaics (Figure 3).

Spatial Precision
While high spatial precision can be achieved on land using the GPS base station and a RTK

system, field conditions on the ocean (e.g., winds, currents, wave action) can often limit the



ability to return to the same location. The spatial precision of SWaPS was tested using ceramic
tiles deployed in the study area at a depth of 75-100 cm.  The location of each tile was
determined by maneuvering the boat over the tiles, capturing each one in the center of the video
frame.  The following day, the position of each tile was retrieved and plotted as waypoints using
a GPS-navigation software.  Using the GPS unit as a guide, the boat was repositioned over each

waypoint.  If the tile could be seen on any portion of the video screen, the tile was counted as a
"hit".  If the tile was not seen on the screen, the distance between the position of the boat and the
position of the tile was measured to determine the extent of the "miss".

Field Surveys
In February-April of 2003, field surveys were conducted in western Biscayne Bay following

the shore contour at a distance of 100-300 m at depths of 50-75 cm. While the video surveys
provide a continuous data set along the survey path, a subset of stations (n = 130) were sampled
at 200-300 m intervals.  This approach is similar to that used by seagrass monitoring programs in
the region were sites are sampled using multiple benthic quadrats (FOURQUREAN et al., 2002).
For each survey location (i.e., a transect < 25 m along the survey track), 5 non-overlapping

frames were chosen at random from the image library.  For each georeferenced digital image
(i.e., the sample unit for that site), community type, species list, and abundance (percent cover)
were recorded.  The images were visually scored to determine the fraction of the frame that was
occupied by each taxon and measurements of percent cover were averaged by site.

Because of the large influence that freshwater discharge from canals can have on the
abundance and distribution of benthic organism, a detailed survey was conducted in a regular
grid pattern in the vicinity of Military canal.  Five roughly parallel survey tracks were followed
in the area adjacent to the canal and 12 stations were sampled along each track as described.  The
cover data obtained for each site were used to develop percent cover contours for seagrasses and
macroalgae using ArcView’s Spatial using an Inverse Distance Weighted interpolation
procedure.

RESULTS

Field tests showed that SWaPS can provide sub-meter precision consistently in shallow
coastal areas.  Out of the 30 tiles deployed, 24 (80%) were relocated within the video frame
using the position obtained by post-processing the GPS information recorded during deployment.
With a field of view at the bottom of approximately 60 cm, the spatial precision for the
relocation of these tiles was < 50 cm .  For the tiles that were not relocated within the video
screen (20%), the mean distance to the center of the frame was 75 cm (S.D. = ± 12).

The skiff used by SWaPS performed well in the shallow environment of western Biscayne

Bay and approximately 35 km of littoral habitats (< 75 cm in depth) were easily surveyed.  Three



main community types were documented in these surveys: 1) seagrass communities composed of
four seagrass species (Thalassia testudinum, Halodule wrightii, Syringodium filiforme, Ruppia

maritima), 2) macroalgal communities with both attached and drift components, and 3)
hardbottom communities composed of sponges, soft corals, and hard corals (Figure 2).  While
these were the three main categories, mixed benthic communities composed of organisms from

two or more of these broad categories were commonly observed.
The most abundant seagrass species, T. testudinum was found throughout the study area,

even in areas influenced by canal inflows.  In contrast, H. wrightii, S. filiforme, and R. maritima,
had lower overall abundance and highly restricted spatial distribution (Figure 1; Table 1).  S.

filiforme was restricted to the northern section of the survey area, while R. maritima was
restricted to the southern section in areas heavily influenced by freshwater inflows from canals.
The highest abundance of this species was documented in the vicinity of Black Point and
Military canals.  While the distribution of H. wrightii was also associated with areas of high
freshwater inflows, this species was found throughout the study area.

Attached and drift macroalgae are also important components of the benthic communities of
western Biscayne Bay and can be found throughout the area.  The main components of the

attached macroalgal group include Halimeda spp., Caulerpa spp., Penicillus spp., and
Acetabularia sp., while Laurencia spp., Chondria spp., and Dictyota spp. were the most
abundant components of the drift macroalgal group.  Finally, sponge-dominated hardbottom
communities were only found at two sites in the northern sector of the study area (Figure 1).

Three seagrass species were found in the vicinity of Military canal, T. testudinum, H.
wrightii, and R. maritima.  The benthic habitat in the immediate vicinity of the canal discharge
site is dominated by H. wrightii and mats of the drift alga Laurencia.  T. testudinum is nearly
absent or present at low abundance in this area but increases in abundance with increasing
distance from the area of freshwater input (Figure 4).

Only a small number of sites in western Biscayne Bay are completely devoid of submerged
aquatic vegetation.  In fact only 2% of sites had no seagrass biomass present and 10% of sites

had no macroalgae (drift or attached forms) biomass present (Table 1).

DISCUSSION

The SWaPS system has shown to be well-suited for monitoring benthic communities in
shallow coastal environments.  The abundance and distribution patterns recorded with SWaPS in
the littoral zone of Biscayne Bay are consistent with previous reports that showed that the large-
scale abundance, diversity, and spatial distribution of benthic organisms can be influenced by
salinity regimes.  The restricted distribution of Halodule wrightii and Ruppia maritima, limited
to areas of freshwater discharge, correspond well with their reported tolerance for low and

variable salinity (MCMAHAN, 1968; MCMILLAN, 1974; BIRD et al., 1993; LIRMAN and



CROPPER, 2003).  In fact, H. wrightii was the only species found at the mouth of Military canal,
which can be attributed to its life history characteristics.  H. wrightii is commonly  regarded as
an early succesional species able to survive where other seagrass species would be removed by
disturbance, and remain dominant under fluctuating conditions (MONTAGUE and LEY, 1993;
FOURQUREAN et al., 1995).  R  maritima is another species with a high tolerance to low

salinity (KANTRUD, 1991) that had a distribution limited to areas with high canal discharge.
The distribution of S. filiforme, restricted to the northern portion of the study area, is also
consistent with studies that suggest that this species can sustain high productivity in well-flushed
areas were oceanic influences prevail (ZIEMAN et al., 1999; FOURQUREAN et al., 2002).

While T. testudinum is found throughout Biscayne Bay (LIRMAN and CROPPER, 2003),
the distribution and abundance of this species can be influenced locally by salinity patterns.
Meeder et al. (1997) measured maximum groundwater seepage in Biscayne Bay at about 200 m
from shore, and documented a negative relationship between groundwater influence and
abundance of T. testudinum.  This relationship between Thalassia distribution and freshwater
input was documented during our detailed surveys in the area of Military canal where this
species was absent at the canal mouth but increased in abundance with increasing distance from

shore.  
Biber et al. (2004) reported that the distribution of different macroalgal groups may be

influenced by salinity patterns as drift macroalgae were shown to be more tolerant of low salinity
than attached macroalgae and are expected to be have.  While no clear large-scale patterns in
algal distribution were observed in this study with respect to the location of canals, drift
macroalgae were more abundant in the immediate vicinity of Military canal while attached
macroalgae were only found further away from this area.  Nevertheless, macroalgal community
dynamics are highly seasonal within Biscayne Bay (BIBER, 2002) and multiple surveys would
be required to fully capture distribution patterns of this group in relation to physical factors.

A surprising result of our video surveys of nearshore environments of western Biscayne Bay,
which experiences wide fluctuations in salinity, is that only a small number of sites were

completely devoid of submerged aquatic vegetation.  Moreover, sites devoid of SAV were only
found at the mouths of canals, suggesting that the detrimental impacts of point discharges of
freshwater are spatially restricted and highly species-specific.  The highly localized impacts of
freshwater discharge were also documented by Brooke (1982) who documented a sharp decline
in abundance and a shift in species composition of the invertebrate faunal community at the
mouth of a canal in western Biscayne Bay.  Finally, the low abundance and highly restricted
distribution of sponges is consistent with the reportedly low tolerance of this marine sponges to
low and variable salinity (STORR, 1976; KNIGHT and FELL, 1987; CROPPER et al., 2001).

While salinity patterns are known to influence the abundance and distribution of benthic
organisms in shallow marine habitats, there are other factors such as hydrodynamic regime,
substrate characteristics, light, temperature, grazing, nutrients, and competition that also

influence recruitment, growth, and survivorship patterns and need to be considered to fully



understand the distribution patterns of benthic organisms (FOURQUREAN et al., 2003).  The
repeatability of the SWaPS surveys, if conducted in conjunction with a water quality monitoring
program, provide a unique opportunity to evaluate the direct influence of these factors on benthic
community composition.

SWaPS surveys can also be used effectively to document damage and recovery patterns in

shallow habitats.  One of the main sources of disturbance for seagrass and hardbottom
communities in Biscayne Bay is the physical damage caused by boat groundings, boat propellers,
and shrimp-trawling activities (SARGENT et al., 1995; AULT et al., 1997).  With the aid of
SWaPS, individual seagrass scars can be identified unequivocally and both the area damaged and
the rate of scar closure rates can be quantified directly from the video frames taking into account
the depth and camera/lens information (Figure 3).  Similarly, the damage caused by roller-frame
trawls can be assessed and the removal of organisms like sponges and soft corals can be
documented if surveys are conducted prior and after these activities.

CONCLUSIONS

The use of video surveys with accurate spatial stamps provides a rapid and cost-effective
method to document the abundance and distribution of benthic organisms in shallow coastal
habitats without the need to deploy trained divers.  Moreover, the spatial precision of this system
(< 1 m) allows for locations to be monitored over time without the need to establish permanent
markers.  Finally, the digital video and still images collected are a valuable permanent visual
archive that can provide the baseline information needed to evaluate long-term patterns of
change in environments like Biscayne Bay that are subject to increasing pressure from human
activities.
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FIGURE LEGENDS

Figure 1.  Mean percent cover of benthic organisms in western Biscayne Bay (n = 5 frames per
site).  A) Thalassia testudinum, B) Halodule wrightii, C) Syringodium filiforme, D) Ruppia

maritima, E) Attached macroalgae, F) Drift macroalgae, G) Sponges. The maps show the
location of the water management canals in white and the location of western (⊗) and central (⊕)

salinity probes used to measure salinity patterns.  Salinity curves show mean salinity (psu) based
on hourly observations taken in 1998.

Figure 2.  Representative frames from the video collected using SWaPS showing components
of A) seagrass, B) macroalgal, and C) hardbottom communities of western Biscayne Bay.

Figure 3.  Video mosaics of the benthos obtained from the digital video collected using SWaPS.
Mosaics were created using the SnapDV software.  A)Thalassia testudinum meadow in western
Biscayne Bay, B) seagrass scar caused by a boat propeller.

Figure 4.  Percent cover of submerged aquatic vegetation in the vicinity of Military Canal.
Canals appear in red.  Survey tracks appear in blue in panel C.  Contour maps are based on mean
percent cover values (n = 5 frames) obtained from 12 stations per track.  Survey stations were
located approximately 200 m apart.  Contours were created using ArcView’s Spatial Analyst.  A)
Thalassia testudinum, B) Halodule wrightii, C) Syringodium filiforme, D) Ruppia maritima, E)
Drift macroalgae, F) Attached macroalgae.



Distribution (% of sites) Mean % Cover (± S.D.)

Thalassia testudinum 82 41.9 (38.6)

Halodule wrightii 18 6.8 (19.6)

Syringodium filiforme 9 5.2 (17.6)

Ruppia maritima 12 5.6 (17.8)

Drift macroalgae 70 14.3 (20.4)

Attached macroalgae 47 8.4 (15.9)

Table 1.  Abundance and distribution of submerged aquatic vegetation
within nearshore habitats of western Biscayne Bay, Florida.  A total
of 130 stations (n = 5 frames per station) were surveyed along a continuous 
path at a distance of 100-300 m from shore. 
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